CT according to an evaluation of the gradual enhancement after contrast injection [10] and the wash-in and washout of the contrast agent [11] , which offer only low sensitivity and specificity. More recently, a segmental enhancement inversion was described within some renal tumors [12, 13] as a tumor segment with a lower density at the arterial phase and a higher density at the early excretory phase. This last feature was observed in indeterminate small renal masses without a scar and is associated, according to Kim et al. [12] , with differences in hypocellular hyalinized stroma content within the tumor parenchyma. However, these results have not been confirmed by others [10, 13] . Using MRI, Rosenkrantz et al. [14] observed a comparable contrast inversion in 28.6% of oncocytomas and 13.3% of renal cell carcinomas (RCCs) but without differentiating inversions within the tumor parenchyma or with contrast enhancement within the central scar itself.
Morphologically, a central scar is found in 54% [5] to 80% [2] of renal oncocytomas. It
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was classically considered as evocative of this tumor type [15] , but it is also observed in 30-40% of chromophobe carcinomas [14] . However, when a central area with high signal intensity (SI) on T2-weighted images is present within a tumor, the question of central necrosis within classic renal cell carcinoma still arises [16] . Whereas fibrous scars of hepatic focal nodular hyperplasia show delayed enhancement on gadolinium-enhanced T1-weighted sequences [17] , such patterns in renal oncocytomas have received only little attention.
Because of signal loss on opposed-phase images, double-echo chemical-shift MRI sequences can detect small amounts of fat in atypical angiomyolipomas or intracellular lipids in clear cell and papillary carcinomas [18] . According to Rosenkrantz et al. [14] , no change of signal intensity occurred in oncocytomas and chromophobe carcinomas.
The objective of this study was to evaluate the combination of dynamic contrast-enhanced T1-weighted and double-echo gradient-echo MRI in tumors presenting with a central area compatible with central scar or central necrosis to distinguish renal oncocytoma with high T2 SI centrally from RCC.
Materials and Methods

Patient Selection
Institutional review board approval was obtained for this retrospective study; informed patient consent was not required according to local laws. All patients examined with MRI for renal lesions in our institution between January 2006 and August 2011 were retrospectively selected from our prospectively maintained institutional database (Fig.  1 ). All cases identified were reviewed by two genitourinary radiologists with 5 and 1 years of experience to select only renal tumors visually presenting high SI central areas on T2-weighted sequences compatible with central scarring or necrosis and imaged with contrast-enhanced T1-weighted MRI sequences later than 5 minutes after contrast injection. In addition, a review of the institutional pathology database was completed to identify any additional cases. Any cases without histopathologic analysis available were excluded.
MRI Examination
All MRI examinations were performed on the same 1.5-T system (ACS-NT, Philips Healthcare) with a phased-array body coil. The MRI protocol is reported in Table 1 . A delayed T1-weighted water-select gradient-echo sequence was systematically added in our institution (mean, 11 minutes; SD, 3.7 minutes; range, 6-26 minutes) after injection for all tumors to provide an adequate evaluation of their relationships with the pyelocaliceal system before treatment.
Image Analysis
Two genitourinary radiologists with 5 and 20 years of experience blinded to the pathology results reviewed the MR images in consensus on a PACS workstation. Enhancement within the central area of these tumors was assessed visually. An SI inversion was considered to be present when, on late images, the central area presented an SI greater than the SI on peripheral tumoral tissues. This SI inversion was qualified as complete when including the entire central area and partial when only one part of this area showed enhancement.
The quantitative measurement of intratumoral lipid content was performed after drawing a region of interest (ROI) including the whole tumor and the central area, matched on in phase and opposed phase images. The change of SI was quantified using the SI index and the tumor-to-spleen ratio as previously proposed [19] : SI index = [(TuSIin − TuSIopp) / (TuSIin)] × 100, where TuSIin is tumor SI on in phase images and TuSIopp is tumor SI on opposed phase images; tumor-to-spleen ratio = {[(TuSIopp / SpSIopp) / (TuSIin / SpSIin)] − 1} × 100, where SpSIin is spleen SI on in phase images and SpSIopp is spleen SI on opposed phase images.
Histopathology Analysis
Histopathologic diagnosis was available for all tumors after a percutaneous biopsy using an 18-gauge automated side-cutting needle (Monopty Disposable Core Biopsy Instrument, Bard) or surgical excision, which was reviewed retrospectively by a uropathologist with more than 30 years of experience. Tumors removed surgically were reanalyzed to determine the exact composition of the central areas. All tumors were fixed in acetic-formaldehyde, and cut tumor fragments were embedded in paraffin after dehydration. H and E was used to stain 3-or 4-µm sections, followed by immunostaining using vimentin, cytokeratin 7, CD10, CD117, and Hale colloidal iron.
Statistical Analysis
All patient data were acquired by one of the authors through review of medical records and imaging and pathology reports. Statistical significance to compare SI inversion in renal oncocytomas and RCCs was calculated using the Fisher exact test (Excel, Microsoft) and p values less than 0.05 were considered significant. SI index and tumor-to-spleen ratio were compared between oncocytomas and RCCs using the Student t test. To assess the diagnostic performance of SI inversion for differentiation of oncocytomas from RCCs, we calculated sensitivity, 
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specificity, positive predictive value (PPV), and negative predictive value (NPV). ROC analysis was performed (ROCKIT, version 1.9B, Charles E. Metz, University of Chicago), and optimal cutoff values were derived from results.
Results
Patients
A total of 59 patients (35 men and 24 women; mean age, 63 years; range, 25-83 years) with 63 tumors were selected for the study from the institutional radiologic database. No further patients were identified in the pathology database. Histopathologic diagnosis was obtained after surgical excision of the tumors in 50 patients and exclusive percutaneous biopsy in nine. Overall, 26 tumors were percutaneously biopsied before any therapeutic decision. No change in the initial pathologic diagnosis in those patients who first underwent biopsy and then had surgical removal was reported.
Lesions
The mean size ± SD (range) of tumors was 39.9 ± 21.8 mm (18-103 mm) for oncocytomas, 51.4 ± 23 mm (17-101 mm) for RCC, and 96 mm for the leiomyoma. Overall, 19 tumors were oncocytomas in 16 patients (one patient had an oncocytomatosis with six tumors but only four had a central scar on T2-weighted images), 43 were RCCs (42 patients), and one was a leiomyoma (Fig. 2) . Among the RCCs, 32 were clear cell carcinomas, seven were papillary carcinomas, and four were chromophobe carcinomas.
Enhancement Analysis
The SI inversion analysis observed on late contrast-enhanced T1-weighted images is reported in Tables 2 and 3 . A complete SI inversion was observed in 19 cases overall and, in all cases but one, only on late contrast-enhanced images (> 6 minutes after injection). Except in the case of oncocytomas (Fig. 3) , the tumor type in this situation was a clear cell carcinoma in four cases (Fig. 4) and a chromophobe in one. When SI inversion was partial (n = 38), it always appeared at the periphery of the central area as a thin rim along the junction with the tumor component (Fig. 5) .
Chemical-Shift Imaging Analysis Between Oncocytomas and Renal Cell Carcinoma Groups
Results of the chemical-shift imaging analysis between oncocytomas and RCC groups are summarized in Tables 3 and 4 and Figure  6 . Optimal cutoff values of SI index of 2% and for tumor-to-spleen ratio of −6% were extracted from the ROC curve analysis (Fig. 7) for differentiation of the two groups. This means that a tumor with an SI index lower than 2% or a tumor with a tumor-to-spleen ratio greater than −6% was considered an oncocytoma.
Combination of Enhancement Analysis and Chemical-Shift Imaging for the Differentiation of Oncocytomas From Renal Cell Carcinomas
For the differentiation of oncocytomas from RCCs, the combination of a complete central SI inversion on gadolinium-enhanced images and a low SI index (cutoff value of 2%) provided sensitivity of 36%, specificity of 95%, PPV of 67%, and NPV of 84%. The combination of a complete central SI inversion on gadolinium-enhanced images and a smaller tumorto-spleen ratio (cutoff value of −6%) gave sensitivity of 55%, specificity of 97%, PPV of 86%, and NPV of 88% (Table 3) .
Pathology
Among the 19 oncocytomas, 13 were managed nonoperatively after percutaneous biopsy with basic imaging follow-up for 11 cases and percutaneous radiofrequency ablation for two. For these cases, no histopathologic information was available about central scarring.
Gross pathology was available in the six operated oncocytomas. Only five presented with a complete central SI inversion: the scar always appeared macroscopically as a whitish area (Fig. 3F) , corresponding microscopically to an edematous and fibrohyaline tissue containing myofibroblasts, capillaries, and thin collagen fibers and persistent oncocytic cells (Fig. 3G) . In the resected lesion with an incomplete inversion, pathologic analysis showed macroscopically a more yellowish appearance, corresponding with hyaline tissue with lower cellularity (less fibroblast, less collagen, and no oncocytic cells).
Gross pathology was available after surgical resection for the leiomyoma and for all RCCs. For the central area of the leiomyoma, gross pathology showed a fibrous scar with edematous rearrangements in which there were few capillaries without tumor cells.
The five carcinomas with complete SI inversion of the central area were all resected: four clear cell carcinomas and one chromophobe carcinoma. Pathologic analysis showed that the central area corresponded with a fibrotic component with a low level of necrosis and a few capillaries without persistent tumor cells (Figs. 4E and 4F ). In the 32 cancer lesions without complete SI inversion, only necrosis was present centrally.
Discussion
Characterizing tumors before deciding on the most appropriate treatment is a general rule in oncology. However, pretherapeutic characterization of renal tumors is still problematic in clinical practice. The high prevalence of RCC and the lack of reliable imaging criteria for recognition of benign tumors other than typical angiomyolipoma justify the growing role of pretherapeutic imaging-guided biopsy. Diagnosis of oncocytoma and low-fat-content angiomyolipoma remains a challenge [7, 8] . Validation of new imaging criteria would be useful before deciding on any therapeutic option and to avoid total nephrectomy when possible.
In this retrospective series of renal masses on MRI, the high prevalence of oncocytomas (16/63, 25.4%) has three main causes. The first is that, in our clinical practice, MRI was often indicated when this tumor type was suspected on CT, as proposed by Kim et al. [12] , and to look for microscopic fat content enabling us to rule out the hypothesis of oncocytoma where applicable [14, 18] . The second is that if a renal tumor presented a central area and any typical malignant patterns on CT, as described previously in some cases of RCC [12, 14] , this mass was usually not imaged with MRI and, in consequence, the rate of benign tumors increased. Finally, our study only evaluated tumors with high central T2 signal intensity, which probably increased the rate of oncocytomas relative to 
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RCCs by excluding all cancers that did not have central necrosis or fibrosis.
Our study provides some important results. First, all oncocytomas with central areas presented late central SI inversions within the central scar, responsible for a contrast inversion that was either complete or incomplete. Second, examples of all subtypes of RCC, not only chromophobes, showed complete or partial central SI inversions. Third, a signal loss on opposed phase images, especially after the calculation of SI index and tumor-to-spleen ratio, was significantly more frequently observed in all subtypes of RCC than oncocytoma. In other words, absence of central area SI inversion or presence of a signal drop on chemical-shift imaging can be used to rule out the diagnosis of oncocytoma.
We decided to retrospectively focus on the late gadolinium enhancement of central areas of renal tumors on the basis of experience with focal nodular hyperplasia, which shows central fibrous tissue with delayed enhancement [17] . Our study showed that most central fibrous scars enhance slowly after injection of gadolinium, justifying performing late T1-weighted sequences after injection, later than 5 minutes, when an oncocytoma was suspected on T2-weighted imaging or CT.
This late SI inversion explains why it has never been described with CT, the late excretory phase usually being performed only 3 minutes after injection. The segmental SI inversion between the corticomedullary phase and the early excretory phase recently described by Kim et al. [12] using MDCT corresponded to reversing tumor segments in small homogeneous tumors without a central scar.
We believe that this delayed contrast inversion between the central scar and the peripheral tumor parenchyma observed in oncocytomas is probably due more to the late SI inversion of the central tissue than to the high level of washout of contrast material from the periphery, as reported by Bird et al. [11] because it increased progressively on dynamic images in a centripetal manner.
Rosenkrantz et al. [14] evaluated a series of 28 oncocytomas and 15 chromophobe RCCs, with dynamic contrast-enhanced T1-weighted images that were acquired earlier (no later than 3 minutes after injection). They described a segmental SI inversion in 28.6-42.9% of oncocytomas and in 13.3-26.7% of chromophobe RCCs according to each reader. However, no distinction was made in the results between segmental SI inversion within tumor compartments in homogeneous lesions, as defined by Kim et al. [12] , and the SI inversion within scars. Moreover, only chromophobe types of RCC were evaluated, whereas our study showed that enhancing fibrous central scars could also be observed in clear cell and papillary RCC.
Renal oncocytomas are composed of two independent components: oncocytic cells and pronounced hyaline and a few fibrotic stromas, which consist of proliferating myofibroblasts with edema and deposition of extracellular matrix (collagen I, collagen III, and fibronectin) [20] . In our series, differences in the degree of SI inversion in central areas of renal masses were related to heterogeneity in vascularization of the tissue and the presence or absence of residual tumor cells. In oncocytomas, enhancing areas corresponded with edematous and fibrohyaline tissue, with poor but preserved cellularity and perfusion, whereas nonenhancing areas corresponded with noncellular and nonperfused hyaline compartments. In carcinomas, enhancing areas corresponded with fibrotic tissue, preserved perfusion without residual tumor cells, and nonenhancing areas due to necrosis, whether hemorrhagic or not.
The microscopic fat content of renal tumors evaluated in vivo with MRI using chemical- 
shift double-echo sequences [19] is typically present in tumor cell cytoplasm in the clear cell subtype of RCC [15, 21] and in spumous histiocytes in papillary RCC [18] . Such content was reported in only one case of a chromophobe RCC [14] , but the decrease in SI was assessed only visually. In the same study, none of the oncocytomas showed any signal decrease on opposed phase images. These results support the findings of Krishnan and Truong [22] who noted that only minimal lipid could be detected with electron microscopic examination in oncocytoma and chromophobe RCC. In our study, quantification of SI changes using SI index and tumorto-spleen ratio showed some overlap between oncocytomas and RCCs and provided cutoff values that, when associated with the analysis of central SI inversion, provided high levels of specificity and NPV. Our study had some limitations. The first is that the series is retrospective and may have selection bias, as mentioned earlier, explaining the high prevalence of oncocytomas in our series. Second, the sample size is small and this study evaluated only a subset of renal tumors. We did not address oncocytomas or carcinomas with more homogeneous appearance. Third, the SI inversion was assessed qualitatively, although consensus of two experienced radiologists was obtained. Fourth, given the relatively low frequency of oncocytomas, we included MR images acquired over a period longer than 6 years, making the time delay for late MR images quite heterogeneous. Fifth, this was a single institution study, and only one MRI scanner was used. This could flaw the data, especially when calculating precise cutoff values based on MRI-generated signal intensity values as has been proposed.
In summary, according to our results, renal masses presenting with a central heterogeneous area, compatible with a central scar on contrast-enhanced CT or T2-weighted MR images, should be further studied with a delayed (more than 5 minutes) gadolinium-enhanced T1-weighted and a chemical-shift series to better characterize these lesions. Absence of any visual SI inversion of this central area or decrease in SI on opposed phase images should rule out the diagnosis of oncocytoma. In this series, on delayed images all oncocytomas with a scar showed a complete or partial SI inversion, higher than for other areas of the tumor. Some RCCs can also have late-enhancing central areas, but in these cases, some degree of signal drop in opposed phase MR images can assist in the differential diagnosis. A, Scatterplot of signal intensity index. With 2% as cutoff value (dashed line), sensitivity, specificity, and positive and negative predictive values for differentiation of oncocytomas from RCCs were 50%, 50%, 79%, and 21%, respectively. B, Scatterplot of tumor-to-spleen ratio. Ratio of −6% was chosen as cutoff value (dashed line), and sensitivity, specificity, and positive and negative predictive values for differentiation of oncocytomas between two groups were 70%, 73%, 41%, and 90%, respectively. 
